662 and 664, because, in the preferred mode of operation, it is only in these two incubators 
where fluids are dispensed into MTUs 160 while they are in the incubator. 

Two temperature sensors 666, preferably thermistors (10 KOhm at 25° C), are positioned 
in the top plate 642. YSI 44036 series thermistors available from YSI, Inc. of Yellow Springs, 
5 Ohio are preferred. YSI thermistors are preferred because of their high accuracy and the ±0.1 °C 
interchangeability provided by YSI thermistors from one thermistor to another. One of the 
sensors 666 is for primary temperature control, that is, it sends singles to the embedded 
controller for controlling temperature within the incubator, and the other sensor is for monitoring 
temperature of the incubator as a back-up check of the primary temperature control sensor. The 

10 embedded controller monitors the sensors 666 and controls the heating foils 660 and fan 632 to 
maintain a uniform, desired temperature within the incubator housing 610. 

As a transport mechanism 500, 502 prepares to load an MTU 160 into an incubator 600, 
602, 604, or 606, the motor 640 turns the hub 646 to bring an empty MTU station 676 into 
alignment with the receptacle access opening 614 (or 616). As this occurs, the door-actuating 

15 solenoid correspondingly turns the revolving door 622 (or 624) one-quarter turn to align the 

MTU slot 626 of the door with the MTU station 676. The access opening 614 is thus exposed to 
allow placement or removal of an MTU 160. The transport mechanism 500 or 502 then 
advances the distributor hook 506 from the retracted position to the extended position, pushing 
the MTU 160 out of the housing 504, through the access opening 614, and into an MTU station 

20 676 in the incubator. After the distributor hook 506 is withdrawn, the motor 640 turns the hub 
646, shifting the previously inserted MTU 160 away from the access opening 614, and the 
revolving door 622 closes once again. This sequence is repeated for subsequent MTUs inserted 
into the rotary incubator. Incubation of each loaded MTU continues as that MTU advances 
around the incubator (counter-clockwise) towards the exit slot 618. 

25 An MTU sensor (preferably an infrared optical reflective sensor) in each of the MTU 

stations 676 detects the presence of an MTU 160 within the station. Optek Technology, Inc. 
sensors, model number OPB770T, available from Optek Technology, Inc. of Carrollton, Texas 
are preferred because of the ability of these sensors to withstand the high temperature 
environment of the incubators and because of the ability of these sensors to read bar code data 

30 fixed to the label-receiving surfaces 175 of the label-receiving structures 174 of the MTUs 160. 
In addition, each door assembly (revolving doors 622, 624) preferably includes slotted optical 
sensors (not shown) to indicate door open and door closed positions. Sensors available from 
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Optek Technology, Inc. of Carrollton, Texas, model number OPB980T11, are preferred because 
of the relatively fine resolution provided thereby to permit accurate monitoring of door position. 
A skewed disk linear mixer (also known as a wobbler plate) 634 is provided within housing 610 
adjacent MTU carousel assembly 671 and operates as a receptacle mixing mechanism. The 
5 mixer 634 comprises a disk mounted in a skewed manner to the shaft of a motor 636 which 

extends through opening 635 into the housing 610. The motor is preferably a VEXTA stepper 
motor, model number PK264-01 A, available from Oriental Motors Ltd. of Tokyo, Japan, which 
is the same motor preferably used for the MTU carousel assembly 671. A viscous harmonic 
damper 638 is preferably attached to motor 636 to damp out harmonic frequencies of the motor 
1 0 which can cause the motor to stall. Preferred harmonic dampers are VEXTA harmonic dampers, 
available from Oriental Motors Ltd. The operation of the skewed disk linear mixer 634 will be 
described below. 

Only two of the incubators, the amplification incubator 604 and the hybridization 
protection assay incubator 606, include a skewed disk linear mixer 634, because, in the preferred 

45 mode of operation, it is only in these two incubators where fluids are dispensed into the MTUs 
160 while they are in the incubator. Thus, it is only necessary to provide linear mixing of the 
MTU 160 by the skewed disk linear mixer 634 in the amplification incubator 604 and the 

[' hybridization protection assay incubator 606. 

To effect linear mixing of an MTU 160 in the incubator by linear mixer 634, the MTU 

20 carousel assembly 671 moves the MTU 160 into alignment with the skewed disk linear mixer 
634, and the skewed disk of the skewed disk linear mixer 634 engages the MTU manipulating 
structure 166 of the MTU 160. As the motor 636 spins the skewed disk of the skewed disk 
linear mixer 634, the portion of the skewed disk structure engaged with the MTU 160 moves 
radially in and out with respect to the wall of the housing 610, thus alternately engaging the 

25 vertical piece 167 of the MTU manipulating structure 166 and the shield structure 169. 

Accordingly, the MTU 160 engaged with the skewed disk linear mixer 634 is moved radially in 
and out, preferably at high frequency, providing linear mixing of the contents of the MTU 160. 
For the amplification incubation step of the preferred mode of operation, which occurs within 
the amplification incubator 604, a mixing frequency of 10 Hz is preferred. For the probe 

30 incubation step of the preferred mode of operation, which occurs within the hybridization 

protection assay incubator 606, a mixing frequency of 14 Hz is preferred. Finally, for the select 
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incubation step of the preferred mode of operation, which also occurs within the hybridization 
protection assay incubator 606, a mixing frequency of 13 Hz is preferred. 

The raised arcuate portions 171, 172 may be provided in the middle of the convex 
surfaces of the vertical piece 167 and the shield structure 169 of the MTU 160, respectively, (see 
FIGURE 60) to minimize the surface contact between the skewed disk linear mixer 634 and the 
MTU 160 so as to minimize friction between the MTU 160 and the skewed disk linear mixer 
634. 

In the preferred embodiment, a sensor is provided at the skewed disk linear mixer 634 to 
ensure that the skewed disk linear mixer 634 stops rotating in the "home" position shown in 
FIGURE 21, so that MTU manipulating structure 166 can engage and disengage from the 
skewed disk linear mixer 634 as the MTU carousel assembly 671 rotates. The preferred "home" 
sensor is a pin extending laterally from the skewed disk linear mixer structure and a slotted 
optical switch which verifies orientation of the skewed disk linear mixer assembly when the pin 
interrupts the optical switch beam. Hall effect sensors based on magnetism may also be used. 

An alternate MTU carousel assembly and carousel drive mechanism are shown in 
FIGURES 23A and 23C. As shown in FIGURE 23A, the alternate incubator includes a housing 
assembly 1650 generally comprising a cylindrical portion 1610 constructed of nickel-plated cast 
aluminum, a cover 1676 preferably formed of machined aluminum, insulation 1678 for the cover 
1676, and an insulation jacket 1651 surrounding the cylindrical portion 1610. As with the 
previously described incubator embodiment, the incubator may include a linear mixer 
mechanism including a linear mixer motor 636 with a harmonic damper 638. A closure 
mechanism 1600 (described below) operates to close off or permit access through a receptacle 
access opening 1614. As with the previously described embodiment, the incubator may include 
one or two access openings 1614 depending on the location of the incubator and its function 
within the analyzer 50. 

A centrifugal fan 632 is mounted at a bottom portion of the housing 1650 and is driven 
by a motor (not shown). A fan cover 1652 is disposed over the fan and includes sufficient 
openings to permit air flow generated by the fan 632. A carousel support shaft 1654 includes a 
lower shaft 1692 and an upper shaft 1690 divided by a support disk 1694. The support shaft 
1654 is supported by means of the lower shaft 1692 extending down into the fan cover 1652 
where it is rotatably supported and secured by bearings (not shown). 



